We study the polarization asymmetry in polarized-e* p -F e* X scattering in supersymmetric quantum chromodynamics (SQCD). The main SQCD correction comes from the squark content of the proton which leads to -10% and -15% corrections for ep colliders at HERA (30 GeV x 820 GeV) and SSC (30 GeV x 20 TeV) respectively.
Introduction
Despite its successes, few physicists believe that the standard SU(3) x SU (2) x U(1) gauge model is the ultimate theory of elementary particle interactions.
Many reasons motivate that belief. There are too many parameters in the theory (at least 18, including coupling constants, fermion masses and mixings); the problem of fermion generations is not addressed; gravitation is absent, etc. Several attempts have been made to answer these questions. By far, the most intensively studied class of theories has been supersymmetry (SUSY).
Supersymmetry PJI is a natural extension of the standard gauge theories which exhibits the most attractive features of being less divergent and mathematically better behaved. In connection with grand unified theories (GUT) for example, these features play a vital role: SUSY permits the cancellation of quadratic divergences in the radiative correction to the mass of the Higgs boson and brings a satisfactory solution to the hierarchy problem that is plaguing standard GUT's. There is also hope that gravity could be included in a theory based on the invariance under local SUSY transformations.
_ SUSY predicts a whole new spectrum of particles, the superpartners, which differ by l/a-spin with respect to their standard partners. Recently, the predictions of QCD regarding the Q2-evolution of the structure functions have been extended to include effects of supersymmetric partons, i.e. gluinos and squarks, k-51 in the framework of supersymmetric QCD (SQCD).
Apart from looking directly at the production of SUSY particles, it is instructive to examine the polarization effects in such a theory. After all, the supersymmetric extension changes the whole spin content of the theory and one expects an indirect, if not direct, evidence of SUSY in polarized collisions. Perhaps the best place to look is in neutral current processes, especially in deep where y is a squark. Based on experiment and depending on the SUSY breaking mechanism, the mass of the squark is believed to be in the range 20 GeV 5 m; 5 100 GeV. Only ep colliders such as HERA will be able to probe at Q2 sufficiently large to "see" the squark. Furthermore, the electron ring at HERA will have the ability to produce longitudinally polarized electrons when it starts running in 1990. The purpose of this paper is to study polarization effects attributable to the supersymmetric content in the proton in process (1.1). We also extend our calculations to the case of the positron-proton collisions.
The paper is organized as follows: Section 2 is devoted to preliminaries including the kinematics of ep scattering, the standard QCD predictions for electronquark subprocesses and the definition of various polarization and charge assymetries. In Section 3, we introduce the SQCD Lagrangian and compute the electron If the incoming and scattered electrons have momenta py and p: respectively, the proton has momentum pp and partons has momentum fraction x, the usual kinematic variables are (see Fig. 1 ) :
where Mp is the mass of the proton.
The kinematics of deep inelastic scattering in ep collisions at both facilities is characterized by a strong domination by the proton motion. In general, this means that final states will be difficult to identify since such detection requires that the produced particles are sufficiently well separated from the beam. These experimental constraints impose stronger cuts on larger values of Q2, which correspond to larger values of x.
Perhaps the most important limitation of the ep machines comes from their luminosity. Based on a somewhat optimistic assumption for the luminosity (i.e.
-lo-32 cm-2 set-l IQ1 1 one finds that it might be possible to study processes at the level of a fraction of a picobarn.
Consider now polarized-ep scattering (e& p + e-X). At the parton level, the process is eE,R + @ii) -+ e-+ 9&i) -(24
The fermion -vector-boson coupling can then be written as is also a useful tool to test the theory. charge.
-Recently, the Altarelli-Parisi equations have been extended to take into account the effects of supersymmetric partons P-51 above their production thresh-
olds. An interesting feature is that squarks are valence partons. Therefore, although their distribution increases slowly with Q2 and remain relatively small with respect to the quark distributions (-5 -7% ), it becomes more important than the sea distributions for Q2 large enough. This is even more evident near x = 1 since, in general, sea distributions are much steeper than valence distributions as x + 1. Conversely, the ratio of f&x, Q2) with respect to fq(x, Q2) is quite insensitive to the value of x.
Consider the contribution of, the subprocess e;(R) + & + e* + iii . P-2)
We assume. that all squarks are degenerate in mass and choose my = 20 GeV.
Using the Feynman rules for the z7 and EZ" vertices as shown in There is essentially a discrepancy of -9% (-10% ) f or most of the y range between both predictions. The case of eiLp + e+X scattering is illustrated on Fig. 4 . Here, the supersymmetric > effects are more important at small y's , i.e. 9% for HERA and up to 7% for an SSC ep collider. Fortunately, this turns out to be the region of y where the experimental accuracy is best. For HERA, the discrepancy between SQCD and QCD gets large near y = 1 but this region is completly inacessible experimentally, the cross sections being too small.
As mentionned above, the detectors limitations at small angles with respect to the beam line imposes cuts on both regions of large and very small 9"s.
However, in this case, we need not to be concerned with these bounds. Clearly, if the effects of the squark content in hadrons are to be seen, one must probe with Q2 > 4Mf which is a much stronger constraint than the experimental one. Furthermore, most of the events will not escape the detector in the forward direction with respect to the proton beam, since the cross section is peaked at small Q2. Therefore, although the cross sections are small, the rates should be sufficient to permit a analysis of the shape of the polarization asymmetry in a restricted region of z and y. The higher bounds on x and y can be estimated as follows: Assuming an accuracy of a few picobarns in the determination of the cross section, a discrepancy of 10% in the asymmetry would require that Q 2 2 s/6 in order to be detected at HERA (5 s/18 at SSC). For example, in our case (x = l/3), a 10% deviation from the standard model prediction in the polarization asymmetries, A-and A+, would be detectable for values of y as large as .5 at HERA and .15 at SSC. Figure 5 shows the results for BRpL as functions of y for x = l/3. Supersymmetric effects have a better chance of being observed in BL rather than in BR, although BR is subtantially larger as y approaches unity. Finally, the charge asymmetry C, such as defined in (2.12), appears on Fig. 6 . The supersymmetric effects on the asymmetry for unpolarized protons are shown to be rather important. At HERA, they are shown to be of the order of 16% and they become more important at an SSC energy, i.e. 25% .
In general, one can make three observations: First, for most of the y-range (and certainly for the region of y's where supersymmetric effects may be detectable) the squark content of the proton increases the absolute value of the polarization asymmetries. Furthemore, these effects seems to increase as the energy increases which is indicative of the Q2-evolution of the squark distribution function in the proton. Second, the choice of x does not have a sizable effect on the asymmetries since the ratio of valence squark to valence quark distributions is not very sensitive to x. This is not the case, however, for the cross sections which, as one can see from equations (2.6), (2.8) and (3.3) , are steep functions -of x as well as of y. In that regard, the choice of x is moderate since in terms of parton distributions alone, the region of x that dominates is expected to be at x's smaller than l/3. Finally, for x and y not too small the mass of the squark could be neglected in (3.3). F or example, for x = .l, z = .04 and .0017 at HERA and SSC energies respectively. Of course, for squark masses much larger than 20
GeV, say 100 GeV, the squark parton content decreases significantly, especially at HERA energies where polarization asymmetries would have no hope of being detected.
Conclusion
With HERA being built with a polarized electron beam, the process e$ Lp + , e*X will certainly be the most thoroughly investigated and should give us a much better idea of the extent to which the standard model can be trusted.
Modifications to the weak interaction theory (e.g. a second 20, composite structure at higher scale, superweak extension...) are also bound to show up in the asymmetries.
Our calculations leads to a squark content effect in polarization asymmetries of the order of 10% , detectable at both HERA and SSC. The evidence of supersymmetric QCD is even stronger if supported by a corresponding deviation in the charge asymmetry C. Of course, we have assumed a most optimistic scenario where the squark mass is only 20 GeV whereas, for most SUSY breaking mechanism, it may range from 20 to 100 GeV. Clearly, for M; significantly larger than 20 GeV the effects would be difficult to detect. There is also little hope of addressing the question of the shape of the squark distribution in the proton but, this experiment should give an idea of the order of magnitude of the distribution, or bounds on the mass of the squark.
The ep machines such as HERA, are certainly not the first or even the best available experiment to test the existence of SQCD partons. In terms of the center-of-mass energy required to produce SUSY particles, both e+e-and pp machines should reach HERA's capabilities before it comes in operation and, it is believed by most high energy physicists that the best signal for SUSY could come from missing pi analysis. But missing IT'S are certainly not exclusive to supersymmetric processes and one must look for other manifestations of SUSY.
Furthermore, polarized-e*p scattering is perhaps, the best way to test the weak properties of such new partons. It is for these reason that we believe that this work is important.
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